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Rndiotolemetry  of  Man-m.de  Satellite 

By 

’.■hi  Linp-yio 

In  last  i.-suo  of  this  journal,  the  f:'rst  half  of  this  article  w is 
published.  The  following  is  i's  second  half,  which  continues  to  introduce 
the  -e+  ods  and  principles  of  radio 4 e1  erne fr',r  of  man-made  satellite. 

W ile  a satellite  is  flyinr  in  the  space,  in  it  here  are  numerous 
e ’innerin"  parar.e ‘ ers  and  exploration  parome'ers,  ■ hich  thOB' who  are  workir." 
on  t.'  e t und  want  to  know.  Sensors,  explorers  and  distant-sensors  are  here 
and  there  in  the  satellite,  ad  the  telemetric  parameters  are  always 
hundreds  in  number.  About,  the  engineerin''  parameters  and  exploration  para- 
meters, what  people  want  to  know  most  is  the  rule  of  their  continuous  changes 
follwoine  the  cun  e of  time.  T'-'s  obviously  renu1  res  a t.olemot-lc  system 
o be  able  to  transmit  the  huye  number  of  parameters  without  interruption. 
Should  each  telenetr'c  sipnal  be  modulated  on  one  carrier  w-’ve,  there  must  be 
hundreds  of  oni'  tors  equipped  in  a satellite.  Certainly  this  is  not  economical 
nor  prac  ical.  But  if  the  telemetric  simals  sent  out  from  any  sensors 
are  at  t*’c  same  time  modulated  on  one  carrier  wo  mo,  these  simals  will  be 
undoubtedly  mixed  together  into  a mess.  Th.is  situation  is  just  like  many 
different  kinds  of  mein  on  one  vehicle  ta  trensror*,  when  they  ar-ive  at 
the  roceiv'n"  station,  there  is  no  way  to  sort  them  out  nrooorl".  Isn’t, 
there  any  way  to  transmit,  several  telemetric  simals  at.  the  same  time  with- 
out being  messed  up  and  they  can  be  properly  differentiated  on  the  m und? 
,,"otim‘ ng  is  hard  in  this  world  if  vou  dare  to  scale  the  heights".  Through 
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practices,  a few  multi-path  telemetric  methods  have  been  found.  Amon"  them, 
two  met,  ods  are  often  ado  ted:  one  is  fr  ouency  difference  mul'i-path  and 


the  ot'i  r in  t?no  difference  multi-pat'  . 
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In  satellite 


On  ground 


Pi . -nre  n Din, 'Tam  of  frequency  difference  mulM-path  telemetering 

(Note:  S=senaor,  CCW^co-carrier  wave,  E^emi'tor,  R^-ecoi vor, 

BP 31  band  pass  filter,  CCVM-co-carrier  wave  modulation, 
RDrocorder. ) 


Frequency  Difference  Multi-path  Telemeter! n" 

Taking  transport, 'nr  grain  for  example,  there  are  No.l,  No. 2,  No. 3 and 
No, 4 four  different  kinds  of  Tain,  which  must  be  transported  to  one  place. 
Before  loaiing  then,  pu*  100  catty  of  No.l  Tr>in  in  a bar;  120  ca‘tv  of 
No, 2 in  a ha-;  111  eitty  o°  No.l  in  a lv>g;  ->nd  140  cat*'1'  o*'  No. 4 in  a bar, 
load  all  *he  ha  *s  on  one  vehicle.  When  they  are  trans , -.ported  to  the  receVinr 
s* at ion,  the,r  can  tio  differentiated  accord : no  to  the  i : 0 ferent  weights  of 
the  ha  -s.  In  the  same  manner,  four  telemetric  signals  can  be  transmitted 
at  the  same  t’me.  Lot  the  four  telemetr'c  signals  be  modula'ed  respect. i velv 
on  f ur  oscillations  of  1 kilohor'z;  2 kilohertz;  3 kilohertz;  and  4 kilohertz 
four  different,  frequency.  These  four  modulated  oscillat'ons  are  called 
co-carrier  waves,  and  t'<ey  are  put  to  -et  -or  a d modulated  on  an  emitter. 

Then  a carrier  wave  carrying  t.' ese  co-carrier  waves  is  omitted  out  from  the 
emit tor.  After  being  received  at  the  ground  station,  the  carrier  wave  is 
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first  filtered  t rouph  a band  pass  filter.  The  hand  pass  filter  permits 

] 

only  the  wave  of  a fixed  frequency  to  pa3S.  As  in  Figure  ' , hand  pass 
filter  1 only  permits  wives  of  1 kilohertz  to  pass,  hand  pass  filter  2 onlv 
permit  wives  of  2 kilohertz  t.o  pass  and  so  on.  Thus  t’e  four  co-carrier 
waves  of  1 kilohertz,  2 kilohertz,  3 kilohertz  and  4 kilohertz  can  lie 
separated  by  four  di ‘‘feroont  band  pass  filters.  Then  the  r ur  co-carrier 
waves  are  demodulated  and  the  t.elemetric  s'cnals  carried  down  by  them  ca 
be  taken  out.  Because  this  kind  of  multi-path  telemetering  uses  the  frequency 
difference  of  ‘ e co-carrier  wave  to  differentiate  the  telemeterin'’  path, 
it  is  11  e^e^oro  called  mult  i -path  telemeter! nr  separa’ed  by  frequency 
difference  and  it.  is  abbreviated  as  frequency  difference  mul M -path  telemeter! nr. 

-‘■n  a frequency  difference  multi-path  telemetric  svstem,  between 
frequency  of  two  co-carrier  wives,  there  is  an  interval,  which  must  be 
lar  'e  enough  to  prevent  their  mutual  interference.  The  number  of  nath  and 
the  number  of  co-carrier  wave  cannot  bo  too  many,  because  the  more  are  the 
co-carrier  waves,  die  smaller  is  the  interval  * between  frequency  of  two 
co-carrier  waves  so  the  easier  is  the  mutual  interference.  At  the  rresent 
tine,  the  number  of  paths  in  frequency  difference  multi-path  telemeterin' 
is  no  more  than  15. 

In  order  to  carry  out  freouenc'"  d i f ** erence  mult  i-path  telemetering 
ef^ic’ently,  in  a telemetric  system,  the ~e  should  he  sufficient  number  ®f 
co-carrier  wave  oscillators  and  adequate  technique  of  co-carrier  wave 
modulation.  Tiie  modulation  of  co— carrier  wive  ‘'or  felemetric  srqnals  can 
be  oif  or  amplitude  modulation,  frequency  modulation  or  phase  modulation. 

The  modulation  of  carrier  wave  eor  co-carrier  wave  can  also  be  any  of  t l,e 


Li 


3 


- * 


above  fhree  • lodu.lat.i  >ns»  Thus  t.hev  can  ho  combi ned  into  a ''an' -.ion  of 

ampli'udo  modulation amplitude  modulation  (the  ‘'orner  ! s c -carrier  wave, 

a d the  latter  is  carrier  wavel,  amolit.ude  modula'ion ‘'requeue"  modulation, 

frequency  nodulntion frequency  modulation,  frequency  modulation phase 

modulation,  nine  "two- ‘'old  modulation".  Because  frequency  modulation  svstem 
'•as  the  merit  of  strong  interference  resista  ce  ability  and  w'do  freque  cy 
band,  this  system  is  now  ad  nted  widely,  in  recent  yen~s,  follow*  am  the 
i -velonr.ent  of  lock i n.-r  phase  technique,  some  'round  stai  !on  has  be  am  to 
use  lock’ nr  r 'aro  method  to  receive  nhase  modulated  vr”o.  .'ii  : met  hod  an 
proved  able  to  promote  the  accuracy  of  ieiemetr  c si  nils,  ani  t'-r  carr'e" 
wa,-e  phase  mo  dual  Mon  has  therefore  bee  me  popular. 

Time  TM  0f,ere"ce  IMl  * i-p-’.4h  Telempterinfr 
0°  the  mult  i-rat.h  telemeterin''’  separa’e  1 bv  *’t  ii‘'fere”.ce,  abbreviated 
as  time  di  ‘**'cre".ce  multi-rath  ‘olemet.erir  *,  the  "T  ’ neirle  is  that,  t !-e 
emitters  *n  a satellite  rotative!’"  emit;'  each  telemetr’r  s'  ami  at.  di**‘'erent 
time,  train  taking  transporting  rra'n  °or  example,  when  the  vehicles 
come  over  one  a^ter  a other,  the  *'irst  vehic  e is  as-i'sed  to  carrv  "o,l 
Tain,  t'  e sec  nd  ve  ic  e.  No,  ? and  so  or.,  ’fieri  * e Moth  veiiic  p comes, 
it  is  ashed  to  carr"  No.l  Tain,  'he  s xt.’i  vehicle,  Mo.\  so  on  and  so  forth. 
The  recolv'n  station  then  can  di  '**errni  1 ate  the  k’rls  o*'  Tain  « ncor  i i r.  * 
to  the  order  of  the  arrival  of  vehicles.  In  t'o  transmission  of  telemetric 
parameters,  the  tine  order  is  like  the  order  of  the  vehicles.  The  emitter 
uses  the  **  ‘ rst.  time  interval  to  'rdt  telemef  ric  s i malfl  of  sensor  No.l, 
uses  the  second  time  'nter"al  to  emit  s’  * -.a Is  of  sensor  No.f  and  so  on. 

Then  it  uses  the  f i ft.1'  time  * nterval  to  omit  si  -unis  of  sensor  No.l,  so  on 
and  so  t'o"th.  The  work  of  emit  tiny  t.e'.emet.ric  sirnals  in  rotation  cn"  he 
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performed  by  a path  nlternat >r 


signals  and  sampling 

•>f  senior  1 

time 


Tho  path  alternator  connects  the 


four  sens-rs  to  tho  emitter 


rotative ly,  and  thus  the  telomotr’e 


signals  and-  sampling 

of  sensor  2 

IT'  time 


wave  at  ii^ferent  times  are  f^ur 


separa * e 


aire 


! ' ■ 


signals  aud  samplin'’'  of 
. sons  t 4 

If  II  TI  '.time 

telemetric  signals  on 
. (I  carrier  uavn 


our  tele 


Sampling  and  carrier  wave  of 
t 4 di  r^G^onc©  1 i — r'.'it-'' 

teleneteri ng 


?i.gure  Otherwise,  it  will  make  wrong  identi  f cations  by 


the  satellite 


•Vigting  Chant's  hat  on  Li’ 


(Note:  S-sensor, 
PA~path  alternator, 
Remittor,  R~rece!ver 
DM=demodulat.ion , 
RD=recorder. ) 


In  "-he  satellite 


On  the  er-und 


Figure  9 Dia -ram  of  time  difference 
tolemetering 


Prom  Firure  it.  can  bo  soon  that.  time  di  ''  'ere  ice  multi-path 

telemeter l np  la  In  fact,  to  separate  the  continuously  changing  t.elem*ric 

signals  int  i isolated  ones  to  sond  out.  The  path  alternator  tabes  one  value 

or  the  telem.etr'c  signals  sent  out.  from  a asensor  when  it  m"’  os  one  contact 

with  ‘he  sensor.  Such  a pr  -cess  is  called  sampling.  What  is  rece • vod  on  the 

•round  is  also  a isolated  sip  .al.  Can  these  isolated  s'^nals  represent 

the  ori  ir.al  cont  ‘nuouslv  changing  signals?  Theorect. 'cally  it  ca  prove 

that  if  ti;e  times  of  sampling  per  second  from  'he  tolemotric  signals  are 

as  many  as  tw>  tines  more  than  the  highest,  frequency  of  the  telemet.ric 

signals,  the  iso la ‘ ed  sipnals  received  on  the  ground  ca  perfectly  represent 

t o or'e:r:al  co  ltd  nuouslv  eha-elng  sipnals.  Tn  fact,  it  tales  a very  shor* 

none  t f <r  ah  electronic  path,  al*  erna  tor  in  a satellite  t.o  connect  one 

se-  sor  from  another,  and  it  * akes  also  a vorv  short,  moment  fir  one  sensor 

to  connect  another.  So  oven  t.houph  the  se  sors  in  a satellite  are  mn  y,  ‘lie 

time  internal  between  two  samplings  of  each  t.elemet.ric  s'e  al  is  still  vorv 

short,  And  most,  of  ti  e chanpos  of  t '-o  engineer 5 np  parameter  and  the  exploration 
t 

parq®e*er  are  slow,  and  t eir  hi  'host,  frequency  !s  slow,  too.  It  is  therefore 
ccmnle* el”  possible  to  h.ve  the  times  of  s.a-plinp  per  second  two  times  mere 
t an  the  ai  -host  froquo  ..cy,  Certainly,  for  the  telemet.ric  paramo  t.e-s,whi  ch 


chance  very  fast,  1*  is  necessary  to  use  frpouency  d!  •’'’erence  multi -path 


tele-’oterlnp  t.o  *ra  smit. 


In  practical  systems,  both  the  froquo  cy  difference  multi-path 
telemetering  and  the  time  difference  multi-rath  telemetering  are  used  jointly, 
so  that  one's  shortcomings  can  be  made  up  by  of  cr's  strong  points  (1?imrc 
1 ''l . Thus  the  f”st  c',a"p'np  parameter  of  froquo  -cy  difference  mu  1‘ I -rath 
telemeter' up  and  the  si -w  cha  pinp  parameter  of  time  dl^ereuce  imtlti-rvath 


t.olameterinp  c-'n  be  complementary  to  aacK  othe 


■ombinnti  ->n  of  frequency  difference  mi  It  i -path 
nd  tine  di fference  multi-path  telenet eri up 


TDMPT^tine  i * r<'eronco  mult  i-oath  teleraeterinp,  S=sensor 
PA~pa*h  alternator,  CC'J~ co-carr ior  wave,  i^emi*  tor, 

R~r eco'vor,  PP^'^and  page  filter,  CnVT>‘ co-carrier  wve 
demo du  •’*  Ion,  RD-"^  - -rder.  ^ 


Since  t e telenet  r ! 


ar.ee,  the  most,  Important,  ind'eator  of  the  quality  of  * he 


ability  f the  system  is  wether  t he  telemetric  para-  etors  can  maintain 
without 

t oir  originality  a distortion  after  beinr.  transmitted  through  a long 


distance  a d wether  the  parameters  demo  oilat.ed  on  the  rround  has  little 


error,  E rors  in  telemetering  are  mostly  caused  by  interference  o<*  the 


straying  electric  waves  during  the  transmi 


At  present , in  telemetric  svstem  of  man-made  satellite,  the  pulse  cod 5 nr 


modulation  met,  od  is  widely  adopted,  and  the  name  o^  the  method  is  abbreviated 


advanced  modulation  system,  which  on 


stance  stre  -th  and  promote  acetr'ac"  or 


o increase 


telemetering 
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tnted  above,  the  delivery 


work  performed  by  a sensor  is  a voltage 


e survive 


Tir^s  of  samel’. nr 
Sane li nr  value  .. 
Quant  i za  t io n va lu< 
Quanta  zation  err-'' 

nary  ^ode 

Pulse  "Tour  


Pd.  rare  11  The  process  of  pulse  code  modu] 
reformation 


irnal.  The  modulation  menti  ned  abo’e  refe 


to  that  whic’  uses  t'.  is  hind  of  ana  lor  signal  to  no  iulate  co-carrier  wave 


or  carrier  wave 


equency  or  p 


Modulation  of 


called  ana lor  rodula 


on.  The  Dulse  cede  modul 


al  modulation,  whic:  is  essentially  different  from  analorr  modulation 


t out  from  a sensor  must 


sirnal  is  to  modulate  co-ca/rier  wave  or  carrier  wave  based  on  the  fact  or 

tA  e vh 

we t.her  there  is  a pulse  or  n t . The  process  of  this  "transformation" 


includes  three  steps:  sauplirg’,  quantization  and  coding  (see  Figure  ll) 


The  first  step  is  to  sample  from  the  analo"  singals  of  the  telemetric 


parameters  sent  out  by  a sensor,  and  to  chanre  the  continuous  sirnals  into 


a series  of  separate  value  of  different  time  interval.  This  pr  cess  is 


the  sampling  in  time  difference  multi-path  telemetering.  The  number 


of  times  of  sampling  the  analog  signals  of  each  path  should  be  as  many  as 


mouenev 


o . eeon  l r.t  op  :.s  quant  izn‘  ion.  It  i 


to  chanee  f ho  mur.be 


a:v*  any  or.r  in 


e mix 


one 


. • .....  ,...  v„  uos 


ito  oua 


th  binary 


e i t.  munbt 


t o following  scale 


Quant  i 2a t ion  value* 


r'mrv  !!  • ' t codewivooi ou*ou  ioo'ioi  uoiti 


After  ‘ho  sarplinr  value  be  I nr  chnn>‘ed  into  binnr'"  di'-it  code 


both  oo;'. ’ ‘ l vo  milno  a .-'  negative  pulse 


■ 


posit  ' pul  li  . cal  is  " " md  negativ  nu,lse  *0*.  So  thr  oont inuous 

pulses  indicate  111  (or  r>) , "o  ••  • Ive  pu lse  et  both  ends  but  one  posit  * e 
puplsi  r ■ th<  ’ : * 1 e , • hey  are  010  for  2 ) * T; i on  pulse  ’roup  modulates  o 
••  • ■ ' ii*  carrier  wave*  ^ t. ive  und  negative  pulse  to 

— ■'  ** j * p ’n  '••'pi  * rt  nrac* ! se  a nui  tc1'  tvno  control  over  or— onrri  or  wave 

or  es  ! e,  so  • is  kind  of  modulation  is  ca  Lied  key  control,  5'or 

'net  jp,  In  c">— e-  er  —odulni  'on,  w1  en  tuere  in  a positive  oulse, 

pp  * o *•  'fp  '—-^oppp  ■ i *tp  op**  ItPviie  normal,  wPpp  * 

ru 1 se  (ne-n+ve  ru lse ' , *he  co-oa”r'"op  wave  does  not  appear  and  its  amplitude 
is  sero.  n is  is  ca  • »d  am? lit  le  key  control.  In  frequency  modulation, 
won  there  is  a pos!  tive  pulse , ■ e freque  :cy  or  co-carrier  wave  shows  an 

:..oi! nation;  when  * ore  is  no  pi  lse  (ne*  at ive  pulse) , the  co-carrier  wave 

y 

r.a:  ita  ns  a ce  r frequency,  Is  is  called  freoueney  chanre  k-y'  control, 

7*y  t o c>nro  nT*  nc  * lr* , r>’-  *> ul/itoci  by  ^ s ^ t * ve*  n. ' \ .1  no/jit  z V{?  ■?  s 

called  phase  chanre  key  ’ontrol.  When  there  is  a positive  rulse,  *he  oo- 

o . 

carrier  wave  prase  inc  ines  h,r  1 -p;  when  there  is  no  pulse  (r.e  *a* ! ve  pu  s , 

- p »v  ase  is  normal  (v*  pire  !p). 
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Co-carrier  wave  modulation 

Pulse  obtained  after 
demodulation  on  ground 


Through  filtering 

Sent  out  from 
wave  detector 
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The  meat  advantage  of  using  pulse  code  modulation  method  is  that 
it  can  free  the  telemetric  signals  from  interference  b'r  the  straying 
electr'c  waves  when  they  are  being  transmitted.  V/hen  a carrier  wave  is 
emitted  from  a satellite  to  the  mound  station,  its  amplitude  often  chances 
because  the  interference  or  the  strvinp  electric  waves,  and  as  a result, 
sore  additional  amplitude  modulation  comes  out.  ’//hen  amplitude  is  modulated 
bv  analor  modulation,  this  additional  amplitude  modulation  will  become  an 
error.  In  pulse  code  modulation,  as  the  carrier  wave  from  an  emittor  1 as 
amplitude  key  control,  when  demodulation  takes  place  on  the  mound,  there 
is  only  the  necessity  to  see  if  there  is  carrier  wave  and  no thins?  to  do  with 
the  size  of  the  carrier  wave  amplitude,  so  the  additional  amplitude  modu- 
lation caused  by  interference  causes  no  problem  to  the  whole  process.  !5'rom 
Figure  13,  it  can  be  seen  that  because  the  carrier  wave  is  interfered  by 
the  straying  electric  waves  in  the  course  of  transmission,  i’s  am  lit.ude 
has  some  extraordinary  chances.  V/hen  it  is  received  on  the  mound,  the  pulse 
obtained  through  demodulation  is  almost  entirely  different  from  its  oriv'nal 
shape.  But  in  wave  fceptectin",  it  only  needs  to  see  if  there  is  carrier  wave. 
All  that  of  which  the  amplitude' is  not  lowe”  than  one  half  of  the  normal 
value  can  be  restored  as  a whole  pulse,  and  that  of  which  the  amplitude  is 
lower  than  one  half  of  the  normal  value  is  no-pulse  or  negative  pulse.  Only 
in  the  case  of  extraordinarily  strong  interference,  the  amplitude  of  carrier 
wave  can  become  lower  than  one  half  of  the  normal  value,  and  only  at  the 
time  interval  when  there  is  no  pulse,  there  appears  an  extra  amplitude, which 
is  more  than  me  half  of  the  normal  value,  then  comes  the  error  of  confusing 
0 and  1.  However,  the  chance  of  having  such  an  extraordinarily  strong 
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